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INTRODUCTION

The microstructure of cast metallic materials is largely de- "
termined by the primary solidification phenomena which are in-
fluenced by fluid flow conditionSin the melt. In order to opti-
mize the properties of the castings, comprehensive knowledge is
required of the interaction between temperature and concentration
dependent layers close to the solidification front and fluid flow
in the melt. Transparent model systems which solidify in the same
manner as metals can be effectively utilized for fundamental
investigations because they allow in-situ observation of the
environment close to the solid-liquid interface.

The objective of this work is to investigate the lnteractloni
between temperature, concentration and fluid flow at 1g and 10
conditions in the melt adjacent to the solid-liquid interface ln
metallic alloys using transparent solidifying monotectic model
systems. One major point of interest is the simultaneous measure-
ment of the temperature, concentration and fluid flow induced by
the interaction of the different phenomena in a solidifying
monotectic melt. Tne "Twp Wave&ength Holography" method provides

the cpportunity te ‘HeaSure” temperature and concentration direct
simultaneously.

TRANSPARENT MONOTECTIC MODEL SYSTEMS

Two succinonitrile based alloy systems which solidify in the
same manner as metals were studied. Figure 1 shows the phase
diagram of succinonitrile-ethanol (SCN-E) and succinonitrile-
water (SCN-W). Both are miscibility gap systems. One important
difference between the solidification front dynamics of these
systemsis the difference in wetting characteristics between
liquid (2) and the solid. If liquid (2) wets the solid matrix the
system solidifies with a stable growing interface (system SCN-W).
If the solid matrix will not be wet by the liquid (2) the system
solidifies with an unstable interface (system SCN-E). Through
experiments, an empirical separation parameter T /Ts > Or < 0.9
was developed by Grugel et al. [4] where Ty = monotectic tempera-
ture and T, = critical temperature. Based on these experimental

results, systems with
Ty/Te < 0.9

grow stable. Systems with
Tu/Te > 0.9

grow unstable, fig. 2.

Different wetting properties at the monotectic trijunction
will cause different phase separation during monotectic solidifi-
cation. The thermodynamics of phase decomposition will not be
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Figure 1: Phase diagram of monotectic model alloys; Succino-
nitrile-Ethanol (SCN-E) based on measursments by Schreinsnakars
{1] and Ecker (2] (a); Succinonitrile-Water (3Ci-¥) kased cn
measurements by Schreinemakers [1] and Smith et al. (3] (b).
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influenced.

THERMODYNAMICAL AND FLUID MECHANICAL PROCESSES IN THE MELT

The fluid flow in the melt in front of a solidifying mono-
tectic alloy will be driven by either thermocapillary or buoyancy
forces.

Thermocapillary driven convection occurs when the "surface
tension" of a deformable interface is a function of the local
temperature of that interface. For droplets with a surface
tension that is a decreasing function of temperature, the
presence of a temperature gradient will result in the motion of
the droplet toward the higher temperature ([5].

Whenever such motions occur in the systems under investi-
gation here, they will be either be augmented or diminished by
buoyancy forces caused by density difference between the droplet
phase (L,,L;) and the enveloping liquid phase. In particular, for
SCN-rich droplets in a W=rich liquid, buoyancy effects will
retard the thermocapillary driven motion whereas for W-rich
droplets in a SCN-rich liquid buoyancy will enhance the
thermocapillary driven motion.

In the neighborhood of the gglid-liquid interface volumes
of liquid can be created that an less dense that the
surrounding melt. This will result in the vertical buoyant
motion of the volume provided that the gravity body force
vector points into the solid phase.In addition to the above,
the systems examined here also admit the possibility of
thermosolutal convection since the mass density of the melt
is a function of both temperature and concentration [6].

PHASE SEPARATION IN THE MELT

A known mechanism inducing phase separation in miscibility gap
type systems is droplet migration in a thermal gradient resul-
ting from the fact that surface tension varies with the tempera-
ture. A first-order theory was developed by Young, Goldstein and
Block (YGB) [5]. The theory predicts that gas bubbles or other
fluid second-phase droplets will migrate with a rate that is
proportiocnal to the product of the radius, the derivative of the
interfacial tension with respect to temperature, and the thermal
gradient. If the interfacial tension decreases with increasing
temperature, which is the case for most materials, the droplets
of the minority phase will migrate in the direction of the
thermal gradient. This droplet motion creates a high amount of
heat and mass transport between the area in front of the solid-
liquid interface and the melt.

The experimental test of the theory performed by YGB consisted
of balancing the Stokes' motion of the particles in silicone oil

3



3
—— Ir
‘ . . — o
Tu/Tc < 0.9

& '

(a) stable monotectic (b) unstable mcnotectic
solidification of SCN-2.5 wt$ solidification of SCN-
Glycerol

20 wt% Ethanol

Figura 2: The experimentally determined relationship {4] betueen
the monotectic (Ty) and critical (T.) tamperatures; stable
growing monotectic structure (a) and unsirbla grewing monotectic
structure.

—

amrtasiont
— ———

-8}

s .
.. 8

-—— e — . —
—— - —— ——

- 41

L S i

u
———

]
L Sl 4

Tigura 3: Phase diagram of ithe wonctectic model alloy Cicithylene
:lycol - Ethyl Silicate, Suith et al. [F].



against the thermocapillary forces that result from a vertical
thermal gradient. The situation is somewhat different in a
liquid-liquid system, however, especially when solubility varies”
appreciably with temperature. In order to test the applicability
of the YGB theory to a monotectic system (two-phase region), Lacy
et al.[7] performed an experiment using a diethylene glycol (DEG)
and ethyl silicylate (ES) solution, fig. 3. The purpose of the
measurement was to see how well the YGB theory applied to the
two-phase region of a monotectic system. There was considerable
scatter in the data due to the difficulty in measuring the
particle diameter and velocity from the photographs, and to
uncertainties in the temperature field in the vicinity of the
droplet. The difference between measured and theoretical results
was -31.9 to +13.8 percent.

More recently a considerable effort has gone toward observing
directional solidification in another miscibility-gap type
system, SCN-W [Frazier et al. [8]]. Below about 42°C, the SCN-
rich phase is the denser phase. At 42°C the SCN-rich phase be-
comes the less dense phase up to the critical temperature at 56.1°
C. W-rich solutions having consolute temperatures below 42 °C were
directionally solidified at approximately 2 cm/hr. With a thermal
gradient of about 17 XK/cm, droplets of radii R = 0.5 mm at
velocities v = 4 mm/s originate near the solid-liquid interface
and move upward to the hot zone and dissolve above the consolute
isotherm. Very small droplets from near the consclute isotherm
fall toward the solid-liquid interface in columns parallel to the
path of the rising larger droplets. This gives the odd appearance
of large droplets rising in a counter-current of falling smaller
droplets. Both streams must differ considerably in concentration
from the surrounding water-rich melt, since they are clearly
separated by sharp interfaces and there have to be counter-
flowing fluid streams which transport the droplets. Presumably,
the rising droplets are succinonitrile-rich, hence heavier than
the surrounding water-rich melt (below 42°C), and therefore
rising due to thermal migration to minimize interfacial tensions.
From these considerations, the origin of the smaller, falling
droplets has to be determined.

PHASE SEPARATION THROUGH THE MONOTECTIC SOLIDIFICATION

The first experiment using an interferometric measurement
technique to determine the concentration and temperature distri-
bution in the monotectic system at 1g and micro-g involve the
hypomonotectic system succinonitrile-ethanol [Sahm and Ecker [9];
Ecker [2]]. In contrast to results from the microgravity experi-
ment, earth based experimental results showed disturbances in the
heat flow as well as in the diffusion profiles, fig. 4. Using an
interferometric technique and thermocouples in the melt revealed
the development of a concentration maximum in the system. If the
initial concentration of the solution was between 12-22 wt% E a
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Figure 4: Concentration and temperature profile of thie g and
nmicro-g TEXUS-10 experiment GTS ("Boundary layers at tiansparent
solidifying melts") with SCN-E. Under micro-g conditicns the
tomperature profile will be dependent on diffusion alene. The
concentration layer in front of the solid-liquid interfzce
corresponds to the well known theory ( , 2%D/v). Under 1lg the
temperature profile differs from the pure thermodiffusion pro-
file. Also small rising droplets, which will be resolved at the
critical temperature (T.=32 C) change the temperature and concen-
tration profiles in the melt. A concentration maxinum was found
at the 32 C isotherm in the melt.



concentration maximum occurred at the critical temperature iso-
therm T.. This concentration peak was notable after supercooling
the melg under the extended consolute curve before the solidi- ~
fication started. This supercooling will be reduced rapidly by
the growing solidification front. Without this undercocoling this
concentration peak still increased and did not disappear as
assumed. This was the first indication of a phase separation in
the hypomonotectic region induced by the monotectic solidifi-
cation front. Owing to buoyancy differences and thermocapillary
forces, it is possible for the L, phase to leave the solid-liquid
interface, fig. 5. If there is aaditionally a non-wetting con-
dition between S; and L,, the degree of phase separation seems to
be only a function of e solidification velocity. At high
velocities only small droplets can leave the interface. Larger
droplets will be incorporated by the advancing solid. These can

escape entrapment by the advancing interface only at very low
growth rates, fig. 6.

With the interferometric technique only the disturbances
caused by large droplets can be measured directly. These will
only be visible toward the end of the experiment at lower solidi-
fication rates. In comparison, reduced gravity conditions, such
as those which prevailed durin% the sounding rocket experiment
TEXUS-10, lead to concentration boundary layers ahead of the
solidification front, fig. 7. Both, the ground based and the
sounding rocket experiment TEXUS-=10 were started with a high
solidification velocity (vg= 10 =2 mm/s) . AL the end of the
experiment the velocity was only vg= 5%#10" mm/s. At this

velocity larger interferometric measurable droplets migrate under
1g conditions.

The causes of fluid flow in monotectic systems in the vicinity
of the solidification front during earth laboratory experiments
are summarized below:

a) Separation processes in the melt below the consolute
temperature.

b) Dynamic processes at the liquid (1) - liquid(2)- solid
(1) trijunction ( wetting conditions ).

c) Solidification velocity.

d) Thermocapillary driven motion resulting from thermal and
solutal differences in the interface.

e) Density differences between the liquid (1) - liquid (2).

TWO WAVELENGTH HOLOGRAPHY

Droplets move owing to buoyancy and thermocapillary forces.
Consequently, the temperature and concentratlon of the melt and
of the droplets change continuously duetdlfquLOn and the resul-
ting fluid motion. A Mach-Zehnder interferometric technique used
to measure the concentration and temperature changes in front of
a solid~liquid interface could only provide limited information
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Figure 5: Phase separation driven by the interdendritic mono-
tactic solidification. From the unstable growing monotectic phase
(alloy: SCN-12wt%E) E-rich droplets with the radius R=0.05 mm and
velocities of vp=0.5 mm/s start rising into the melt until they
will be resolved near the critical isotherm.

i > Ve > V3
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Tigure &: Weather a =nlidifying interface incorporates or pushoes
‘irovlets depends on ithe wetiing conditions between S; nd L and
of the solidification velocity. If L, does not wet Sy (SCN-E)
chan growth the monotsectic phase with a similar structure as
showed at (a); large colidificaticn velocities lead ‘o an in-
ccrporation of droplets (b), smaller velocities to rising drop-
Lets (c).
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Figura 7: The comparison betwecn the interferograns of the micro-
g TEXUS-10 rocket experiment and the lg referance experizent at
chree times demonstrates the different fluid motion in the melt.
The pure thermodiffusicn profile at the lg experiment will be
disturbed directly in f{iront of ihe solid-liquid intcrface.
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about the refractivity changes in the melt. Since the refractive
index is a function of the temperature and concentration, there
has to be additional information for the evaluation of the inter-
ferograms. In the field of solidification front dynamicsmeasure-
ments of the temperature profile previously relied on the use of
thermocouples. This only provides 1local information of the
temperature profile. The influence of the fluid flow has to be
neglected. In order to increase the accuraﬁcy of the result the
density profiles have to be monitored by an interferometric
method which will allow the separation of temperature and
concentration profiles without measurement of the temperature by
thermocouples in the melt. The "Two Wavelength Holographic
Technique" provides such a possibility. The accuracy of the
measurements is as high as that obtained using standard holo-
graphic technology. The two wavelength holographic method is
transferable to any optical system, fig. 8.

The two wavelength technique was used years ago by Ross and
El-Wakil [10] and by Mayinger and Panknin [11l] to measure
separately the temperature and concentration of a burning fuel
drop.This technique offers a significant opportunity to determine
the temperature and concentration profiles simultaneocusly in all
processes where heat and mass transport in transparent systenms
occur. Each wavelength is reconstructed separately and each
reconstruction contains the information on temperature and
concentration changes. Since the refractivity is a function of

the wavelength, it is possible to determine both profiles from
the differences between the holograms, fig. 9.

Initial information from the holograms are changes in the
optical path through the sample (table 1l,equation 1). Here, s is
the interference order in multiples of the different wavelength

and . Equation 1 can be integrated, if the intensity of the
gotal field is constant. For fluids, the Lorentz-Lorenz equation
gives the relation between the refractivity n, the refractive
index R, and the density of the melt (equation 2). The slope of
the fringe shift depends on the change of the refractivity
between both exposures. Since temperature and concentration pro-
file information are in both reconstructions, it is possible to
eliminate concentration in one of both equations and solve it
(equation 3) for the temperature profile. Using this temperature
profile, the concentration profile may be determined by equation
4. More about this technique will soon be published elsewhere.

EXPERIMENTAL RESULTS AND DISCUSSION

Using different optical measurement techniques such as shadow-
graph, one- and two-wavelength holography, or microscopy it is
possible to determine the nature of fluid flow in the melt, which
are characteristic of various alloy concentrations. To separate
the phenomena, there were careful investigations in seven regions
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Table 1: Basic Evaluations for Two Wavelength Holography
(1) s-2 = f(n; - n,)-ds
s

n(T,c)2 -1
(2) 5-=== = R(2) - (T,c)
n(T,c)< + 2

3) dT  93ny/dc - dsy/dy -)j/l - anj/ac.-dsk/dy’-hk/l

dy ank/ac -an/aT - 3nk/3T' anj/éc
de  dsy/dy- 2y /1 - Iny/dT - dT/dy

(4) - =
dy ony/dc

with: 1 = sample depth, s= fringe number, A = wavelength ():; =
488 nm, Ay = 632.3nm), n = refractivity £(2,T,c), R = refraative
index, ¢ = concentration, T = temperature




of the monotectic phase diagrams, SCN-E and SCN-W , fig. 1l0.

For the following measurements the temperature gradient Gp was
always chosen so that the solidification took place with con- "
stitutiongl supercooling.

In regions I and VII, the minority phase can be incorporated

completely in the solidifying majority phase. Growing dendrites
from this regiomr are shown in fig. 11. )

In regloni VI, a eutectic interdendritic phase will grow. At

the eutectic solldlflcation both components between the primary
dendrites are solid. ;

Fluid flow in the melt of sclidifying alloy compositions at
regions I, VI and VII with a stabilizing temperature gradient can
only occur if there is high supersaturation of the less dense

material in front of the advancing interface (thermosolutal
convection).

This behavior changes completely at region II. High under-
coolings under the extended consolute curve could lead to thermo-
dynamic decomposition of the melt. Droplets of phase L, migrate,
driven upward, by thermocapillary and buoyancy forces, toward the
high temperature region.

A monotectic phase grows between the primary solidifying den-
drites. The solidifying monotectic separates the melt L into L
and S;. For unstable grow1ng monotectics L, does not wet the S
phase. Since this phase is readlly detachea from the interface it
is able to move ahead of the growing solid as a result of thermo- m(a#”’
caplllary and buoyancy effects, fig.l2.

%s lmpOEtant to note that at high solidificagion velocities
(6*10 ) only small droplets ( radius 2+#10 mm) are ob-
served [2,12]. At lower solidification velocities larger droplets
have sufficiént time to move.ahead of the solid. ‘The reason that :
small droplets are favored ‘at high“solidification rates is that ﬂ%‘ﬂVOr
detachment of small droplets from the solid requires less force « .. ..
and less time than for larger droplets. A~ b

Each tail behind rising droplets contains a higher concen- ... -
tration of the minority phase. The low number of migrating drop- . - .
lets may not stabilize a plume-like structure in the melt. The
resulting fluid flow in the melt changes its thermal and solutal
conditions significantly.

In comparison to the lg measurements, results from a TEXUS-10
sounding rocket experiment shows no obvious disturbances under
mlch-g conditions ([2,12]. Since the buoyancy differences under

are negligible,the driving force for the droplet migration 7/
is reduced As a conséquence the phase L, will be incorporated at (i
lower—Solidification—velocities—of the monotecticy-No flufd—?IEW‘j‘" -
in the melt was detected at the TEXUS-10 experiment. Jyk_f,ﬁ

Another variation in fluid flow exists in regions III and IV. e e
After cooling under the consolute curve the minority phase will
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Figure 10: Principal phase diagram of a monotectic system di-

vided into seven regions owing to the solidification and separa-
tion phenomena.

Figure 11: Growth of single dendrites in the organic trancparent
nodel system Succineonitrile-tthanol, Eclker (2].
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Figure 12: The monotectic interface growth will be unstable (a)
or stable (b) depending upon the wetting conditions between L,
and S;. For case (a) the liquid phase L, will be pushed or
incorporated depending to the solidifica%ion velocity. For case
(b), the liquid phase L, starts to rise driven by bucyancy, if in
the liquid gaps at the monotectic phase will »e a density in-
version. Through the resuliting pressure there will be the
possibility to form droplets at the interface.

Figure 13: After a fow ainutes the flat ol
deformed by rising droplets. A pyrauidal
The droplets initially migrate out of the ca
ture. Subsequently a plume lile itructura ix
lished. These droplets trzansport substantia
the thermal gradient.
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nucleate and form small droplets which grow by Ostwald ripening
and coalescence while rising [13]/ s soon as the initially flat
cloud front is disturbed by the sihg droplets the cloud-like
interface will form a pyramidal structure, fig. 13. The tails
associated with the rising droplets are positioned such that they
lie directly above the apices of the pyramidal structure of the
temperature profile near the interface. In the tail the concen- .
tration of the minority phase is increased. /

At region III we found in addition to the thermodynamic de-
composition of the melt a decomposition owing to the monotectic
solidification. The imperfect wetting condition causes "free'"
droplets of the E-rich phase at the monotectic solidification
front to rise due to the large density difference between L, and
L:. The size of the rising droplets is only dependent on the
solidification velocity. The surface of the droplets is stable
until the critical temperature of the consolute curve is passed.
The droplets are driven by the same effects as in region II.

At region IV (system SCN-W) we found that in addition to the
SCN-rich (Ll) droplets forming the plumes, there are larger
volumes rising with a lower velocity in the same direction, fig.
14. The very slow motion of these W-rich volumes ( compared to
the W-rich droplets of region III ) can be attributed to the fact
that they are driven by buoyancy forces alone and do not have the
additional . driving force provided by thermocapillary effects.
Similar conditions exist in the system SCN-E.

Careful observation and interferometric measurements indicate
that the vertical alignment of rising droplets is a result of the
interaction between the rising droplets and the surrounding melt.
This interaction has two effects; firstly the local flow induced
by the rising column of droplets results in the entrainment of
droplets produced in the melt and at the solid-liquid interface;
secondly each successive dropletg will be subjected to less drag
than the preceding droplet if it follows in the low pressure
region behind the preceding droplet. The latter effect favors
vertical-alignment.

This could well be one reason for the large difference between
the theoretical velocity for droplet migration in a quiet melt
and the experimental data. Because of the high number of rising
droplets, there has to be a motion downwards. This motion pushes
all droplets which start rising into this plume-like structure.
Although droplets which start rising from the interface have to
follow this plums. Both occurrences stabilize a plume-like struc-
ture in the melt. In addition,it is observed that the rise of .
groups of droplets is intermittent. We conjecture that this is a 4P o
consequence of the fact that each droplet risef at a slightly Lo 7
greater speed than the previous droplet. As a result there will atans
be periods of time when the plume is saturated with droplets.
Addition of further droplets to the plume stops. Later when it is
possible for droplets to move, the plumes reorganize and the

PIRLY
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Figure 14: In region V two different flow phenomena were observed
in the melt. In addition to the thermodynamic decompcsition of
the melt rising volumes of the majority phase were observed.

(&l

Figure 15: In region VI slowly rising volumes of liquid <cre
observed. Only a few migrating droplets werz aeasurad,
(dl..obavﬁkxp‘! (a); ol hd/'aﬁqq, (_b))lo



process repeats itself. Only a few percent change shifts the
phase dlaqram back into the mlSClblllty gap. The complexity of

the motion in the melt at region IV is indicated by one example ®
in table 2.

It was possible to isolate this rising volume phenomena using
an alloy composition of region V, fig. 15. A primary thermo-= e
dynamic decomposition is only present in this region if the (/y{
liquid is undercooled below the extended consolute curve. A low [, X
number of small droplets originate th#n in the water-rich phase ;;;Zt
Lz} Other motions in the melt could ofly be induced from the
liIquid phase L, in the interdendritic gap in front of the
eutectic phase. The moving volumes consist of the phase L, and
are driven by the concentration difference. The density inversion
in the W-rich phase will cause an additional driving force.

For all experiments it was very important to homcgenize the
melt at a higher temperature as the maximum gap temperature with
convective stirring. In these relatively large samples
homogeneity was not achieved by diffusion after 15 hours in the
melt. Figure 16 shows the diffusion profile resulting from two
SCN-rich droplets at the bottom of the sample. First, the sample
from region V was solidified after which all facilities were
switched off. The sample with SCN-91.8wt% W was then held at

.25.8°C for 15 hours. Only with th help of convection &:J

homogenization was successful. T decomposition during melting

-of a monotectic alloy establishes dlfferent concentration

boundary conditions at 1lg and micro-g conditions.

Homogenization through convective stirring is impossible in
existing furnaces under micro-g conditions. This incomplete
homogenization through the melting procedure may be one reason
for inconsistent solidification behavior from monotectic
solutions in micro-g.

The results of the work are summarized in table 3.
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Table 2: The complexity of the phenomena in a solidifying mono-
tectic is illustrated with this example.

Boundary ccnditions: } T, %
System SCN-W
v S Cq = SCN-60wWt% W
: gDo i TM R
Y c(%

coordlnage system

6..

Step 1l: Cooling under the consolute curve.
-» Phase separation in the melt. SCN-rich droplets

(higher dense, than surrounding melt) migrate up the
temperature gradient.

Step 2: SCN-rich droplets establish a plume-like structure in the
melt.

-$ Fluid flow down from the top of sample.

% —__\\L/?\,/’—_- a) Velocity profile
surrounding a single
<@> OROPLET droplet

G . .

L M v b) Veloccity profile

~e surrounding

Cé“r—\{¥L 2 a rope of droplets
: —_—

(éo‘ 1\ v3

Step 3: Influence on the concentration profile
PLUMESIZE

PLUMESIZE

zi ciSCNi !

——
<

3??,

M T Teo T CENTER OF PLUME ' 7

If c* <Ac , then melt near the plume is so highly super-
saturated, that cy - Ac < c.. is the concentration associated
with the maximum monotectic gap gemperature.
-+ Concentration shift near plume from region IV to III.
Fluid flow downwards near the plume transports the super
saturated melt into cooler regions. Thermodynamic
decomposition of the melt creates W-rich droplets, which are

formed from the downward moving fluid. They are only stable in
the supersaturated region.



—» SCN concentration near the plumes and W concentration near the
s-1 interface will be increased.

- Stabilization of the plumes. Parallel reduction of the SCN *~
concentration near the s-l1 interface.
-» Decreasing number of SCN-rich droplets.

-» Plume destruction by diffusion following cessation of fluid
flow.

- Favor W-rich droplets migrate down. ) -
-» Increase of SCN concentration and the cycle is repeated.

Index: D = Droplet; m = monotectic; M = melt; R = radius
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Figure 16: Remelting of a solidified mconotectic dces not
necessarily lead to a homogenized melt. The latter may be

achieved only by convective stirring (a). after 15h at 25.3
inhomogenity in the melt, owing to the melting process was

observed (b), ( SCN-94wi% W).
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Table 3: Summary of flow phenomena in the melt of monotectic

systams.

Decomposition | Decomposition Remarks
cation in the melt by , .
Front solidification (Gp< my *G.)
EAS : .
I 3 no no Convection only if
= = Ra.>Rap>Rapipny [14]
dendritic
W/E-rich W/E-rich Monotectic phase :
droplets droplets - Separation of the E-rich
iy Y only, if melt observed, phase owing to the non
s 52 is under- if cooled wetting condition. Droplet
Iz Ty %gﬂ cocled under under the incorporation is function
; mﬁf. mill the extended monotectic of solidification velocity.
consolute temperature. - Separation of the W-rich
inter- curve. phase owing to the density
dendritic inversion. The L, wets )
monotectic| Droplets migrate due to the S, phase.
phase buoyancy and thermocapillary

IIT

force.

(b)
stable (a)
or unstable
(b) mono-
tectic

Fog in front
of s=-1 inter-
face as-
sociated with
a pyramidal
structure.
W/E-rich (less

W/E-rich
droplets
observed.

dense)

droplets associate with
a pyramidal structure.
Droplets migrate in plumes.

Driving forces:

Buoyancy and thermo-
capillary effect.

Monotectic phase :

- Separation of the E-rich
phase owing to the non
wetting conditions. Droplet
incorporation is a function
of solidification velocity.
Separation of the W-rich
phase owing to the density
inversion. The L, wets

the S; phase.

interden-
dendritic
eutectic
phase

Fog in front
of s-1 inter-
face; SCN-rich
(high dense)
droplets asso-
ciate with a
pyramidal
structure and
a plume-like
configuration.
Driving force:
Thermo-~
capillary con-

W/E-rich
migrating
volumes
(less dense)

Driving force:
Buoyancy

vection countered

by opposing
bouyancy force?




SCN-rich W/E-rich

droplets migrating ' .

| possible, if volumes

1 high supersatur-| (less dense).
1| ation in front

of the s-1 .
inter- interface.
dendritic Driving force: Driving force:
eutectic Thermocapillary | Buoyancy.
phase countered by op-

posing buoyancy

effects.
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VI ﬁéé : ggn no no convection only, if
an i awill Rac>Rap>Rapin
inter-
dendritic
eutectic
phase
VII
ne no convection only, if
Ras>Rap>Rapin

dendritic

with: Rag

solutal Ra-number f£(D,c), Rap =thermal Ra-number f(a,T)
and Ramin

critical Ra-number
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